[1] July-September boundary layer humidity has been reconstructed from the d 18 O of cellulose in tree rings of Pinus arizonica growing at an elevation of 2300 m in the Santa Catalina Mountains north of Tucson, Arizona. The annual occurrence of morphological features in the tree rings, often called false rings, allowed accurate subdivision of the tree rings into premonsoon and monsoon growth. Highly significant correlations were found among the stable oxygen isotope time series of the wood produced during the North American Monsoon and 1953-2000 July-September average specific humidity (P < 0.0001) and relative humidity (P < 0.0001) derived from radiosonde data. The correlation coefficients were significant against data from both the Tucson surface (788 m; approximately 922 hPa) and 850 hPa pressure levels, suggesting that the d 18 O time series can be interpreted as a proxy for mean seasonal boundary layer humidity. Twentieth century July-September reconstructions of specific humidity and relative humidity are presented. There are no long-term trends in the twentieth century reconstructions of boundary layer humidity at this site.
Introduction
[2] Recent research has suggested that humidity around the world may be increasing, perhaps as a result of climate change [Gaffen and Ross, 1999; Sun et al., 2000; Wang and Gaffen, 2001 ], yet in no case does the record of atmospheric humidity in these studies exceed 50 years. Humidity measurements do not exist as continuous time series for most locations in the United States until at least the late 1940s, a very short record from which to assess the variability of water vapor within the climate system. Development of a high-resolution long-term proxy for atmospheric humidity would allow a more certain assessment as to whether the observed humidity records are recording part of a longer trend or part of a low frequency variation in the hydrologic cycle. This paper reports the results of a study designed to develop a proxy for seasonal atmospheric humidity in the U.S. Southwest using the d
18
O in tree ring cellulose.
Background

North American Monsoon
[3] The warm-season climate in the Basin and Range Province of southern Arizona is dominated by a pattern known as the North American Monsoon. The North American Monsoon has shifts in low-level mean wind direction and in atmospheric pressure features that are typical of the stronger monsoons of Asia [Bryson and Lowry, 1955; Krishnamurti, 1971; Tang and Reiter, 1984; Douglas et al., 1993; Adams and Comrie, 1997; Higgins et al., 2003] . The consistent shifts in wind direction that occur in the U.S Southwest in the spring and autumn result in two precipitation modes with moisture originating in different source regions; in winter, generally the Northern Pacific [Sellers and Hill, 1974] , and in summer, the Eastern Pacific/Gulf of California or the Gulf of Mexico [Douglas et al., 1993] . The transition from the winter to the summer precipitation regime is characterized by decreasing relative humidity and the development of a thermal low-pressure center over the region. As a consequence, May and June are consistently hot and dry. The summer precipitation in the region is entirely convective, typically beginning within 2 weeks of 3 July [1s = 8 days, N = 57, from data provided by the National Weather Service, Tucson], and continuing intermittently through mid-September [Higgins et al., 1999] . Late September and October are usually dry, with the exception of occasional moisture entering the region from tropical storms off the western coast of Mexico.
Tree Growth Characteristics in the U.S. Southwest
[4] Many species of conifer grow at high elevation in the mountains of the semiarid United States Southwest, a setting where trees experience extreme physiological stresses and exhibit high interannual variability in growth. These conditions cause the tree growth to be very sensitive to changes in the local environment and allow researchers to use time series of tree growth as high-quality recorders of climate variability. The growing season of many of these conifers begins in March or April, depending mostly on the aspect and elevation of the site, followed by two to three weeks of bud-swelling. Within a species, the speed of growth after budburst is mostly dependent on the soil moisture status, though day length and soil temperature are also factors. Growth usually continues at a rapid rate until late May, when soil moisture reserves become depleted by the consistent development of the foresummer drought. By late June, soil moisture at depth (>25 cm) at some of these sites is much less than À1.0 Â 10 3 KPa [Fritts, 1976; Wright and Leavitt, 2006] .
[5] Low soil moisture combined with high daytime air temperatures and low humidity can cause a slowdown or cessation of growth in these trees. When the summer rains associated with the North American Monsoon begin, some of the trees are able to resume rapid cell division and expansion. Viewed in the transverse plane (the plane usually considered in tree ring research), the wood produced during this growth transition appears as a dark ring between the true annual growth boundaries, and is called a false ring, or false latewood band (Figure 1 ). Climatically induced false latewood bands were first discussed by Antevs [1917] , and criteria for recognizing these bands in tree rings from the U.S. Southwest were established by Douglass [1919] , who later noted their higher frequency in younger trees and their climatic significance [Douglass, 1928] .
Stable Isotopes in Precipitation and Tree Cellulose
[6] Factors that can affect the stable isotope ratios in precipitation include temperature of the original moisture source, the wind shear and humidity at the ocean surface, rainout en route, the mixing of air masses, addition of reevaporated or transpired water to the air parcel, the temperature at condensation, and secondary evaporation as precipitation descends [Clark and Fritz, 1997; Criss, 1999; Kendall and McDonnell, 1998 ] However, despite these potentially confounding influences, proxy climate information has been derived from the stable oxygen and stable hydrogen isotope information fixed in the cellulose of trees, including temperature [Anderson et al., 1998; Luckman and Gray, 1990; Robertson et al., 2001; Saurer et al., 1997a Saurer et al., , 2000 , humidity [Anderson et al., 1998 [Anderson et al., , 2002 Buhay and Edwards, 1995; Lipp et al., 1993; Robertson et al., 2001; Saurer et al., 1997a Saurer et al., , 1997b Saurer et al., 2000] , and precipitation d
18
O [Anderson et al., 1998; Buhay and Edwards, 1995; Saurer et al., 1997b Saurer et al., , 2000 .
This Study
[7] This study investigates the relationships between warm-season environmental parameters and sub-growingseason d
18
O in tree ring cellulose from the semiarid U.S. Southwest, using false latewood bands (FLBs) as intraannual time markers within each tree ring. The time-stable transition into the summer rainy season allows time-constrained sub-growing-season division of each tree ring into two parts, premonsoon growth and monsoon-related growth.
[8] Time series of meteorological parameters were regressed against the d
O in cellulose from subdivisions of each tree ring to determine whether significant and timestable long-term relationships exist, a prerequisite for the development of long-term paleoenvironmental proxies. The parameters tested included temperature (maximum, minimum, mean), precipitation amount, and humidity (relative and specific). Here we present d
O analyses on the portion of each tree ring produced during the summer rainy season. 
Methods
3.1. Field Methods 3.1.1. Tree Site Selection [10] The tree site selection criteria included (1) little or no access to groundwater, (2) annual production of False Latewood Bands (FLBs), (3) long-term meteorological data available within about 50 km of the site, and (4) ease of access. The ultimate source of the oxygen used in cellulose synthesis is water taken up by the tree roots, so controlling for groundwater access minimizes the amount of time between a precipitation event and the use of the water in wood production, and minimizes the use of stored water. FLBs (Figure 1 ) are known to occur regularly in Pinus ponderosa from the U.S. Southwest [Schulman, 1938] , and had been noted by the authors in another very closely related species, Pinus arizonica [Peloquin, 1984] . The presence of FLBs was critical for obtaining discrete seasonal information, so the trees had to be under enough stress to cause at least partial growth cessation. However, the amount of cellulose required for each analysis excluded the selection of trees growing in overly stressed settings where the tree rings would be very narrow. Consequently, identification of sites where the trees formed false latewood bands in each tree ring required a combination of careful reconnaissance and laboratory assessment. Easy access to the site was required to allow resampling after successful reconnaissance, and to ensure that trees could be resampled later, if necessary.
[11] A site in the Santa Catalina Mountains, north of Tucson, Arizona, was chosen for this study. The site is situated at about 2300 m elevation in the Santa Catalina Mountains north of Tucson, Arizona, near a gated U.S. Forest Service road (Figure 2 ). Many trees were sampled using a traditional 5.1 mm increment borer and their positions were mapped, to identify trees with the best overall characteristics for this study.
[12] In the assessment of these preliminary samples, it was determined that many trees younger than about 120 years could produce false latewood bands in almost every year. Fewer FLBs were produced as the trees aged, with the eventual absence of FLBs in the lower stem in most years. Trees between 80 and 120 years old were chosen for inclusion in the stable isotope study. These trees were cored at breast height using Suunto 1 borers with a cutting tip having an inside diameter of 12 mm. Use of increment borers with a cutting tip diameter of 12 mm ensured that enough material was available after processing for multiple determinations of both d
18
O and d
13
C from each sample. The d 13 C results will be published in another paper. Four orthogonal samples were taken to provide a close approximation of the mean isotope signal around the circumference of the tree [e.g., Ramesh et al., 1985] .
[13] Some stable isotope ratios in the cellulose can be influenced by differences in the physiology when the trees are young, often called juvenile effects. Although juvenile effects have not been reported for d
18 O in tree ring cellulose, such age-related trends apparently exist in dD in trees up to 20 years old [e.g., Lipp et al., 1993] , so we chose to exclude the innermost 20 years adjacent to the pith on each sample. The number of acceptable rings in these trees was less than 60 in most cases, so a second set of trees was identified and sampled to complete the 100-year composite time series.
Other Site Information and Sample Collection
[14] Environmental information available from nearby Tucson, Arizona, about 30 km southeast of the tree site, included a >100-year record of temperature and precipitation, and a >20-year record of stable isotopes in precipitation [e.g., Wright, 2001] . A >50-year radiosonde record was available from the Tucson International Airport, about 40 km south-southwest of the tree site. Intermittent meteo- rological data were available from the Palisades Ranger Station, located about 1 km west-northwest of the tree site at about the same elevation.
Laboratory Methods
[15] The cores were sanded to a 400-grit (30 mm) finish on the transverse surface, and were cross-dated to determine the absolute year each tree ring was formed [Stokes and Smiley, 1968] . FLB development was acceptable from 1940 to 2000 on all four cores from four of the sampled trees. Four additional trees were chosen for the years 1900 to 1960, providing a 21-year overlap between 1940 and 1960. One additional tree, acceptable for the years 1920 to 2000, was included in the analyses, so the sample depth was four trees from 1900 to 1919 and five trees from 1920 to 2000.
[16] A scalpel and microscope were used to subdivide the tree rings on each core. The post-FLB portion was separated from the pre-FLB portion. Each subdivision was then placed into a separate labeled vial and sealed.
[17] Lack of replication has been a criticism of previous tree ring stable isotope studies, in part because of the potential influence of trends in individual trees on a composite time series and the need to assess intertree variability and error in climate reconstructions [McCarroll and Loader, 2004] . A full replication was not possible, so a partial replication was performed where subsets of years were analyzed separately. This subset consisted of each decade ring (2000, 1990, etc.) during the nonoverlap period, and each 5-year ring (1960, 1955, etc.) in the 1940 -1960 overlap period, with 9 individual data points for most of the trees (11 for tree 57). All other years were composited samples consisting of either four trees (1901 -1909; 1911 -1919) or five trees (1921 -1929; 1931 -1939; 1941 -1944; 1946 -1949; 1951 -1954; 1956-1959; 1961 -1969; 1971 -1979; 1981 -1989; 1991 -1999) .
[18] Sample homogeneity was ensured by macerating the growth increments to 40 mesh using an intermediate Wiley Mill
1 . Holocellulose was isolated from the composited subdivisions using a variation of the method described by Leavitt and Danzer [1993] . The holocellulose was dried in a vacuum oven immediately after processing, and stored in vials with polypropylene inserts in the lids. This ensured that no environmental water came in contact with the samples prior to analysis.
[19] The d 18 O was determined for the holocellulose fraction at the Research School of Biological Sciences of the Australian National University, using the online pyrolysis to carbon monoxide method [Farquhar et al., 1997] . The standard error reported by the laboratory at the Australian National University was less than 0.3% for the internal beet sugar standard.
[20] Alpha-cellulose is most commonly chosen for stable isotope analysis [McCarroll and Loader, 2004] , but limitations in sample sizes forced us to consider using holocellulose, a mixture of alpha-cellulose and hemicelluloses. To determine whether the holocellulose isotopic composition was significantly different from a-cellulose, twelve samples of whole wood were split, ground to 40 mesh, and processed to holocellulose. A portion of each sample was further processed to alpha-cellulose. The d
18
O values were determined for both forms of cellulose from each sample. These values were regressed against each other. The result was a slope that was statistically indistinguishable from 1:1 (Figure 3 ): t-stat = 0.14; P(T = t) two tails = 0.89, suggesting there is a high probability that the population means are indistinguishable and that analysis of holocellulose in this study returned the same values as would have been obtained by using alpha-cellulose.
[21] By extension, statistically identical d
O values for holocellulose and alpha-cellulose should be returned, if the protocols outlined in this paper are followed. However, a caveat is necessary, because carbonyl groups exist on the monomers of hemicellulose [Carpita and McCann, 2000] , so postprocessing exchange of oxygen with environmental water is a possibility. While the highly significant correlations between the holocellulose d 18 O and atmospheric humidity do not indicate postdepositional change of the hemicellulose d
O in the whole wood, this result does not confirm that there was no exchange of carbonyl oxygen. The influence of oxygen exchange on the final holocellulose d 18 O value is likely very small, because only one in 5 or 6 of the carbons of each hemicellulose monomer are carbonyls, and the ratio of hemicellulose to alpha-cellulose in these conifers is less than 1:2. In addition, the interlocking matrix of hemicelluloses and the alpha-cellulose microfibrils in the cell walls may limit the access of water to the hemicellulose carbonyl groups in whole wood.
[22] The average correlation between d
O time series from the separate tree analyses was r = 0.79 (N = 9, p < 0.05), and no trends were apparent, suggesting that a composite sample from these trees provides a representative d
18 O site chronology. On the basis of this information, tree ring divisions from all trees were combined for all other 18 O values from the same 12 whole wood samples, three parts per tree ring for the years 1922, 1932, 1942, and 1952 . Each ring was subdivided into a post false latewood sample, and two pre false latewood samples, where the pre false latewood portion of each ring was divided into halves. In the remainder of this research we report only the results from the post false latewood band, the last of these three subdivisions in each year. years. The composited samples were then processed as above.
Data Sets
[23] Time series of meteorological data were developed from Tucson surface data and radiosonde data from the Tucson International Airport. No homogeneity problems were noted in the observed surface and radiosonde data sets, so no corrections were applied. Large amounts of radiosonde data were missing prior to 1953, so the data set was truncated at that point. Potential problems with global radiosonde humidity measurements have been recognized [Elliott and Gaffen, 1991] , and include widespread changes in instrumentation in 1965 and 1973, though the most serious problems with the North American radiosonde data apparently occur under very cold dry conditions [Peixoto and Oort, 1996] . Over time, as the available humidity time series become longer, nonlinearities between the humidity and proxy-humidity time series may be revealed, requiring correction(s) or additional truncations.
[24] Surface time series included 1900 -2000 JulySeptember mean precipitation amount from Tucson, Arizona, and from Arizona Climate Division 7, a much shorter time series of precipitation amount from Palisades Ranger Station, about 2 km northwest of the tree site, and 1900 -2000 maximum and minimum Tucson temperature. Radiosondederived time series included temperature, dew point, relative humidity, and specific humidity at the surface (about 922 hPa), 850 hPa and 700 hPa for the 0000 and 1200 UT (1700 and 0500 LT) soundings individually, and for the 0000/1200 UT average. Each of these time series was compared with the post-FLB tree ring cellulose d
18
O by simple linear regression.
[25] Time series of d
O in precipitation, including various numbers of sequential months, were produced from a 1981 -2000 per-event data set analysis of rain collected in Tucson by Austin Long of the University of Arizona, and analyzed in the Laboratory of Geochemistry, University of Arizona, by Chris Eastoe [Wright, 2001] . The d
O value from each precipitation event was weighted by multiplying the ratio of the amount of precipitation that fell in the individual event to the total amount that fell during the chosen time series window (1 month, 2 months, etc.). All the values were then summed, yielding the mean d [Wright and Leavitt, 2006] , as do the results of a dendrochronological study in another setting [Masiokas and Villalba, 2004] 
Cellulose d
O and Individual Tree Replication
[27] The post-FLB cellulose was analyzed by tree for the decade years, and every fifth year during the period of overlap between the two groups of trees. There were no trends for individual trees, though individual data points sometimes departed from the trend for all trees, and the overall range was larger in certain years (Figure 4) . The average intercorrelation between the time series from the earlier group of trees was r = 0.84 (N = 9 for most comparisons, N = 7 against tree 57), and r = 0.77 for the later group of trees (N = 10). Within the period of overlap, the average difference between the means of the two groups of trees was 0.04%. This is much less than the standard error of 0.3% reported by the laboratory at the Australian National University for analyses of their internal beet sugar standard, so no correction was applied. [29] The correlation coefficient against July -September Tucson 1900 -2000 precipitation amount was significant [r = À0.44, p < 0.0001, N = 101]. A higher coefficient was found for the same time period using the Arizona Climate Division 7 data set [r = À0.60, p < 0.0001]. The higher coefficient for the spatial average is best explained by the heterogeneous nature of convective precipitation in the region, where an individual data location is more likely to covary with a spatial mean than with another point source data set.
[30] Humidity measurements were available from radiosonde measurements originating at the Tucson International Airport, about 30 km southeast of the tree site. The mean July -September heights for the 1200 UT 850 hPa and 700 hPa soundings were 1515 m and 3172 m, respectively, and for the 0000 UT soundings they were 1510 m and 3227 m, respectively. The mean July -September heights of the 850 hPa and 700 hPa pressure levels bracket the tree site, at about 2300 m, so time series were produced from these heights for both the 0000 and 1200 UT soundings.
[31] Regressions against the cellulose d
18
O time series revealed significant correlation with changes in dew point, specific humidity, and relative humidity for the 850 hPa time series (Table 1) . The highest correlation coefficients were usually associated with the average of the daily soundings (0000 and 1200 UT for 1957 -2000; 0300, 0900, 1500 and 2100 UT for 1953 UT for -1956 . No correlations against the 700 hPa data were significant. The lack of significant correlation between the 700 hPa data and the cellulose d
18 O time series does not indicate that midlevel moisture is not contributing to lower-level humidity. Instead, the low coefficients are probably related to variation in the height of the boundary layer across the 700 hPa pressure level, as indicated by Mullen et al. [1998] , causing an inconsistent relationship between the amount of humidity at 700 hPa and at the tree site (about 775 hPa).
[32] The Tucson surface humidity data from radiosonde soundings (788 m; about 922 mb) was also included. Unexpectedly, these regressions produced higher correlation coefficients for both relative humidity and specific humidity time series than against the 850 hPa time series (correlations against dew point were slightly lower). The 0000 UT correlation coefficients were much higher in both cases, though time series for individual soundings excluded 1953 -1956 , because of the different sounding times prior to 1957 (Table 1 ). The average of the surface (about 922 hPa) and 850 hPa values of the combined 0000 and 1200 UT time series (the mean of the 0300, 0600, 1500, and 2100 UT soundings from 1953 -1956 ) provided the highest correlation coefficients against both relative humidity and specific humidity, the latter being the highest coefficient identified in any regression against the cellulose d
18 O time series.
[33] Regression of the radiosonde-derived humidity data sets against the 1953 -2000 July -September Arizona Climate Division 7 cumulative precipitation also revealed higher correlation against the combined average of the 850 hPa and surface values from the two soundings (SH, r = 0.79, P < 0.0001, N = 48; RH, r = 0.89, P < 0.0001, N = 48), apparently indicating the importance of total boundary layer humidity to the seasonal precipitation amount.
[34] If the stable isotope ratios of the source water and the atmospheric water vapor are fairly constant, then the dominant influence on the water d 18 O will be relative humidity [Wang et al., 1998 ]. The process whereby relative humidity influences the d
18 O values of plant water after it reaches the leaf (and consequently cellulose d
18 O values) is evaporation from the leaves, where different vapor pressures [Bottinga and Craig, 1969] and diffusion rates [Cappa et al., 2003 ] of H 2
O and H 2 16 O cause changes in the isotope ratios during transpiration. However, in a semiarid setting, the d
O in the source water can be modified by secondary evaporation during rainfall and at the soil surface, so that the source water d
O itself will covary with the atmospheric humidity. If the source water for the trees is not groundwater, a criterion for selecting our tree site, and the time between rainfall and uptake by the trees is short, then the falling rain and the leaf water may both be influenced by atmospheric humidity with a very short temporal offset. The result can be an additive influence on the ultimate d 18 O value of the photosynthate produced, which may then be used to synthesize wood cellulose.
[35] During the North American Monsoon in the U.S. Southwest, surges of moisture enter the region and persist for many days; consequently, the mean humidity influence on secondary evaporation during rainfall will be similar to the mean humidity influence on the leaf water after uptake of the rainfall. Regression of warm-season Tucson precipitation d
O against humidity supports this reasoning, with the highest correlation coefficients found when the regression uses the average of the July -August 0000 and 1200 UT soundings combined for both the surface and 850 hPa (r = À0.61, P < 0.005, N = 21), the same levels and time of day as noted in our cellulose d
18 O time series regressions. A July -September mean, the monthly mean used in the cellulose analyses, also showed significant correlation, but the coefficient was lower. This is expected, because the precipitation usually ends by mid-September.
[36] The highest correlation coefficient for the cellulose d
O time series against the radiosonde-derived humidity includes a Tucson surface parameter, a location greater than 1500 m below the tree site, possibly indicating the importance of surface-atmosphere interactions to near-surface humidity variability at all elevations. Higher correlation coefficients against the 850 hPa 0000 UT and surface 0000 UT data sets, measured at 1700 LT when the boundary layer is often well mixed, supports this interpretation. The variability of the morning tree site humidity should be important to evaporative enrichment of the leaf water, because stomatal conductance and net photosynthesis will usually be highest during the mid-to-late morning hours [Nagel and O'Hara, 2002] . Yet the correlations against predawn (1200 UT) humidity are lower than against the afternoon (0000 UT) time series. The lower predawn correlation coefficients may indicate the intermittent presence of an elevated mixed layer, caused by nocturnal decoupling of the planetary boundary layer from the surface [Derbyshire, 1999] in Tucson and/or at the tree site, or the local influence of morning evapotranspiration on the amount of humidity at the tree site.
[37] Significant correlation coefficients at both the surface and 850 hPa, with the highest coefficients coming from the average of both levels, indicate that the cellulose d
18 O time series can be interpreted as a proxy for mean atmospheric boundary layer specific humidity and relative humidity, allowing the reconstruction of these parameters. However, before reconstruction, the influence of extreme values had to be assessed. Extreme values can have a large influence on the correlation coefficient from simple linear regressions, and two data points (1973 and 1975) are clearly separated from the other data points (Figures 5 and 6 ), so the results were cross validated using a ''remove one'' technique called predicted residual sums of squares (PRESS), to assess the contribution of individual values to the variance explained. The PRESS prediction of variance explained for the reconstruction of specific humidity was r prediction 2 = 0.52. The similarity of the PRESS value to the initial r 2 value (0.56) verified the expected accuracy of a reconstruction. The more conservative relative error yielded the same variance explained as the PRESS statistic (r relative error 2 = 0.52), confirming the strength of the relationship. Results for relative humidity were similar, though lower (r 2 = 0.49; r prediction 2 = 0.44; r relative error 2 = 0.44), so both parameters were reconstructed.
[38] Three equations from simple linear regression of the cellulose d
O time series against the radiosonde-derived specific humidity time series were used to reconstruct both parameters at 850 hPa, at the surface (about 922 hPa), and for the average of the two pressure levels (SH 850hPa = À0.504(d 
Conclusions
[40] Changes in soil moisture availability, temperature and atmospheric humidity during the growing season of conifers growing in the U.S. Southwest can cause the development of features called false latewood bands within the tree rings. These features can be used as temporal indicators within the growing season, allowing subdivision of the tree rings into temporally discrete parts. Time series of d
18 O in the cellulose from the portions of each tree ring formed during the summer rainy season covary with local boundary layer atmospheric humidity, allowing reconstruction of the boundary layer humidity for years prior to instrumental humidity measurements. Relative humidity and specific humidity are not reconstructible using traditional dendroclimatological methods, or by using any other known proxy.
[41] Research from around the world has reported increases in atmospheric humidity in the latter half of the twentieth century [Gaffen and Ross, 1999; Sun et al., 2000; Wang and Gaffen, 2001] , the period of instrumental record, but there is no trend in this much longer time series of reconstructed humidity from the semiarid U.S. Southwest. In fact, a simple linear regression of the reconstructed humidity time series against time yields a slope that is statistically zero (slope = 0.00009; r = 0.0045, N = 101). This finding is not inconsistent with the 1961 -1995 summer season results reported previously for the region [Gaffen and Ross, 1999] , where analyses of daytime, nighttime and full-day trends in relative humidity in the U.S. Southwest were not significant, while only nighttime trends were significant for specific humidity (P < 0.05). Similar results were reported for relative humidity and dew point in Phoenix, Arizona [Brazel and Balling, 1986] , though not for the months of July, August and September. Of particular interest in this study is the relative humidity trend reported for June in the early portion of the twentieth century, where a gradual increase in relative humidity is seen between 1896 and 1918, followed by a general downward trend. The authors of the Phoenix study attributed the downward trend to land use changes and the development of an urban heat island, particularly for values measured after 1946. However, the same pattern of humidity increase in the first part of the twentieth century, followed by a decrease in humidity after 1919, occurs in the July -September boundary layer humidity time series reconstructed in this study for Tucson, Arizona, about 175 km farther south. While precipitation typically does not fall in the region in the month of June, June is transitional into the summer rainy season, and would likely show much of the same seasonal variation in atmospheric humidity noted for July through September. Of course, this study involved tree ring cellulose from the forests in the Santa Catalina Mountains above Tucson, Arizona, an undeveloped area without significant changes in terms of land use. Whether development within the Tucson Basin, at about 750 m elevation, has significantly influenced the humidity in a forest growing at 2300 m elevation cannot be determined from the results of this study.
[42] Further subdivision of tree rings from this site (and other similar sites) may yield intraseasonal specific humidity information, an idea supported by results from weekly subdivisions of needles from the same species at the same site [Wright and Leavitt, 2006] . In addition, the authors have identified trees with FLBs on many of the mountain ranges in southern Arizona, southern New Mexico, and northern Mexico [Wright, 2001; Leavitt et al., 2002] , thereby demonstrating the potential for developing high-resolution boundary layer humidity time series from a network of sites. An intraseasonal proxy of humidity from a network of sites would provide a high-resolution assessment of moisture flux during the North American Monsoon, information that could be incorporated in the modeling of convective precipitation for the region.
